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Abstract 
Under the background of the global climatic change and the carbon emission reduction, exhaustion of resources, 
draggle technology, low benefit and feeble competitiveness are deadly weaknesses in the development of China's 
economy today. With the rapid development of science and technology, the weaknesses have made China's economy 
meet some flinty challenges. From the angle of the low-carbon's output and its profits, the energy's use structure, the 
low-carbon energy's emission reduction and the low-carbon technology, the paper has made an analysis based on the 
hierarchy analysis and the fuzzy appraisement to provide strong evidences for industrial policy innovation and form a 
rather complete environmental control system for China's developing low-carbon economy, as well as offer the 
rational policy support and effective technologies for the development of low-carbon economy of China's industry. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Global climate change has become a global focus and one of the important issues of China's diplomatic 
work. With the rapid growth of China's economy, urbanization and the long-term maintenance of coal-
based energy structure, the carbon emissions grow rapidly in China. Manufacturing, as an energy-
intensive leading industry had low use efficiency and damaged the environment seriously, therefore, it 
inevitably became the focus and the starting point of the international and domestic low-carbon 
development in order to deal with the environmental stress, improve the energy supply security 
and reduce the carbon emissions.  Changing the mode of manufacturing and taking the path of energy 
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saving and low-carbon development are imperative. Therefore, the problem of making a scientific and 
effective assess of the efficiency of manufacturing's transformation to low-carbon economy and reflecting 
the gap in  the low-carbon manufacturing to timely correct  strategies  and decompose the energy-
saving emission reduction index  has become an important issue for decision-makers. 
The current low-carbon evaluation systems are mainly focused on the studies of the low-
carbon economy. For example, in the field of the low-carbon economy evaluation, based on defining what 
the low-carbon economy is, Guiyang Zhuang, Jiahua Pan, Shouxian Zhu[1] put forward an index system to 
measure outputs, consumptions, resources and policies of the low-carbon economy. and then made 
further suggestions for improvement to meet practical requirements. From the perspective of the low-
carbon economy's connotation and its industry chain path, Dali Hun, Shuai Ding[2] proposed a low-
carbon economy evaluation index system .From the level of the economic development, the technological 
development and available resources, Yichang Ye, Mingfeng Huang[3] invented nine indicators of the 
low-carbon economic development evaluation system. From the above studies, papers focus on three 
dimensions (the innovation, the creativity, and technological competitiveness of manufacturing, the 
sustainable productivity as well as resources and environmental protection capacity) to evaluation 
manufacturing. For example, Lianshui Li, Yong Zhou[4] firstly defined what a new type of manufacturing 
was, and then established manufacturing evaluation system based on a lot of statistics. He also used the 
principal component analysis to do a comparative analysis and cluster analysis of the economic creativity, 
the technological competitiveness as well as resources and environmental protection capabilities of the 
manufacturing of thirty different areas, and summarized their typical characteristics. Li Zhao, Linyan 
Sun, Jie Liu[5] designed an evaluation indicator system through doing an overview of 
sustainable development indicators home and abroad. At present, there is a lack of the evaluation of the 
low-carbon economy in a smaller scale, such as at the industrial level, and especially in the energy-
intensive manufacturing. The reason is that manufacturing's carbon emissions always account for a large 
portion of total emissions, especially in the big manufacturing countries like China. The assessment 
and monitor of the low-carbon development is helpful to make an effective low-carbon industry 
development policy and promote the low-carbon economy's development. That is the main aim of this 
study. Therefore, we will develop a low-carbon economic evaluation index system by combining our low-
carbon economy evaluation indicators and manufacturing economic development indicators in order to 
better monitor low-carbon production in China and provide a strong basis to optimize industrial policies.  
2. Constructing evaluation index system 
Manufacturing carbon emissions mainly come from the operational process. They are not only 
influenced by technologies in the production process, production enterprises and the industrial 
chain coupling effects, but also by external policies. In the design of indicators, it is necessary to 
consider many factors to meet all needs of the low-carbon development, but the key point is still 
the energy conservation. This paper follows the basic principles of choosing indicators, such as 
scientific, systematic, operational, dynamic, policy-relevant principles, and forms the target layer, the rule 
layer and the index layer (see Figure 1) of the manufacturing low-carbon economy evaluation index 
system. Let's explain some more important indicators in Figure 1: ①  manufacturing output growth rate 
of unit energy consumption  =（manufacturing output unit energy consumption this year– manufacturing 
output unit energy consumption last year）/ manufacturing output unit energy consumption last year; The 
larger the growth rate shows, the better the manufacturing of low-carbon develops.②  manufacturing 
output growth rate of unit CO2 emissions =（manufacturing output of unit CO2 emissions this year–  
manufacturing output of unit CO2 emissions last year）/ manufacturing output of unit CO2 emissions last 
year; The higher the index is,  the better the low-carbon measures are.  
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Figure 1. The manufacturing low-carbon economy evaluation index system 
3. Based on AHP and fuzzy comprehensive evaluation method  
3.1AHP and fuzzy comprehensive theory evaluation model   
Establishing the evaluation mathematical model  
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B is the fuzzy evaluation set; W is the combination weight values set; R is the evaluation matrix; n is 
the index number; m is the number of participants in the evaluation of manufacturing; i is an indicator; j is
some regional manufacturing industries; Wi is the i-th indicator of the combination weight value of impact 
on comprehensive evaluation ; rijis the i-th index impact on  j-th area manufacturing's  low-
carbon development of comprehensive evaluation, as the degree of membership; bj(j=1,2, ,m) is the 
calculated comprehensive evaluation level of the equipment manufacturing industry 
or enterprise's sustainable development. 
3.2. Judgment matrix 
The judgment matrix is the basic information in AHP and is also an important basis for calculating 
weights. In order to establish the definition of the judgment scale we use 1、3、5、7、9 to compare in 
Manufacturing output of unit energy U11(10,000yuan/10,000ton) 
Manufacturing product numbers of unit energy consumption U12（%）
Manufacturing output growth rate of unit energy consumption U13（%）
The fossil energy use rate U21（%）
The efficiency of the 
low-carbon output 
index U1
The energy use 
structure index U2
The manufacturing 
low-carbon economy 
energy U3
The low-carbon 
technology index U4
Manufacturing output of unit waster water U33 (10,000yuan/10,000ton) 
The rate of reaching the standard manufacturing waste water U41（%）
The rate of getting of manufacturing waste gas SO2 U42（%）
The rate of getting of dust rate U44（%）
The rate of getting of soot U45（%）
The research cost of environmental studies covers the percentage of the total 
investment U46（%）
Manufacturing output of unit CO2 emissions U31(10,000yuan/10,000ton) 
The recycling energy of the new energy’s proportion in the total energy U23
Manufacturing output growth rate of unit CO2 emissions U32（%）
Manufacturing output growth rate of waster water U34（%）
Manufacturing output of unit solid waste U35 (10,000yuan/10,000ton) 
Manufacturing solid waste comprehensive using rate U43（%）
The rule layer The target 
The m
anufacturing low
-carbon econom
ic evaluation index 
Clean coal’s proportion in the total coal energy U22（%）
Manufacturing output growth rate of unit solid waste U36（%）
The index layer
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pairs various elements at the same level, we can get the judgment matrix U of the target level or the 
index  level.  
U= (uij) n× n                                                                                                                                          (2) 
Table1：The scale and weight of the low-carbon economy manufacturing's evaluation indicators and the dimensionlessness of the 
manufacturing's low-carbon economy’s evaluation index for five provinces 
3.3Weight and Combined weight  
The weight is the data used to assess the relative importance of evaluation elements at certain levels. 
So is it needed to calculate judgment matrix U's feature vector V.
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     n is the number of elements at certain target or index level, then we normalize V to get 
the weight of the target or indicator iu  ;     
∑
=
=
n
i
iu vv
1                                                                                                                       (4) 
Uses equations (2) (3) (4) to calculate the weight Q, which is the proportion covered by the first target 
at the total target, and the weight Q2, which is the proportion covered by the second target at 
the first target.  
Rule level  Weight Index level   Weight  WI Jiangsu Shandong Guangdong  Zhejiang Shanghai
low-carbon 
output
efficiency 
index U1
0.1586 
U11 0.2185 0.0347 0.7175 0 1 0.7852 0.8348 
U12 0.0668  0.0106 0.8108 0 0.2973 0.4765 1 
U13 0.7147   0.1134 1 0.8138 0.3823 0 0.0077 
energy use 
structure
index U2
0.1886 
U21  0.0639 0.0121 0 0 0 0 0 
U22  0.1383 0.0261 0 0 0 0 0 
U23 0.7978 0.1505 0.8265 0 0.8176 0.9238 1 
low-carbon 
energy
emission 
index U3
0.4744 
U31  0.5203 0.2468 0.8764 0    0.9786  0.8376  1 
U32  0.1734 0.0823 1 0.5386    0  0.5623   0.8632 
U33 0.0297 0.0141 0.0661 0.4163 0.1559     0  1 
U34 0.1685 0.0799 1   0  0.2801  0.4605 0.4212 
U35 0.0315 0.0149 0.2678 1 0 0.02696 0.1894 
U36  0.0766 0.0363 0.0139 1  0  0.4701 0.0937 
low-carbon 
technology 
index U4
0.1784 
U41 0.1911 0.0341 0.5010 1   0    0.5296     0.5154 
U42  0.1911  0.0341 0.6076   1 0.6459 0.8370  0  
U43 0.1911 0.0341 1   0  0.0891 0.4653    0.9307 
U44 0.1911 0.0341 0.0236 0 0.1182  0.1764  1 
U45 0.1591 0.0284 0.6571 0.8857 0    0.5772    1   
U46 0.0765 0.0136 0.8257 0.6113 0.1603   1  0 
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The combined weight of the evaluation element equates the weight of the element multiplies the last 
level's element's combination weight. It is started from the most advanced one, following down 
the recursive calculation in order to get the index set Z's combination weight set W of the index layer.  
i
e
i qW 2d1q ∗=                                                                                          (5) 
The
i
d1q represents the weight of the first target which indirectly includes index Zi in the total target; 
The
i
e2q represents the weight of the second target which indirectly includes index Zi in the first target; 
The d's values are determined by the location of the index Zi in the target system. By using equations 
(2) (3) (4) (5), we can calculate  in turn to get the weight distribution of the index system of equipment 
manufacturing industry sustainable development  comprehensive evaluation indicators, just as shown in 
Table1.
3.4Data collection and standardization processing 
Data in this paper are from China Statistical Yearbook, China Industrial Economic Statistical 
Yearbook, China Energy Statistical Yearbook, and statistical literature that are compiled by National 
Bureau of Statistics and Bureau of Energy. The data are collected from 2008 to 2010. 
In the process of collecting data, given the current limitations of the data in various provinces and 
cities, two sets of relevant indicators: the utilization of fossil energy and clean coal energy coal are 
eliminated on the basis of the original index system in order to facilitate the study of the development of 
the low-carbon industry in different regions. However, the two indicators: the utilization 
of fossil energy and clean coal coal are used in the micro-study of the evaluation system. The data are not 
easy to access and these two sets of index have a relatively great importance on reflecting the degree of 
each company's low-carbon economy. （The data are dimensionless in table 1.）
Using the formula: Zi= (Xi– Xmin)/ (Xmax– Xmin)                                                                           （6）                        
3.5Comprehensive evaluation calculation 
Membership rij of each indicator that are calculated  from the equations (5) (6)  and the combination 
weight of the index  wi are substituted into equation (1), then get the low-carbon development 
comprehensive evaluation level value bj of the manufacturing of various regions.  
Table2．comprehensive evaluation results  
4. Analysis of evaluation results                                
Based on the above calculations, we can easily find that manufacturing output of unit CO2 emissions 
indicator have the greatest impact on the development of low-carbon economy. It is the most 
direct indicator to measure the manufacturing's low-carbon economic development and its low-
carbon manufacturing's level. Accordingly, different levels of measures will be taken to deal with 
different developing levels of low-carbon economy. As shown in table 2, we take the index used here are 
all positive, so we can find that the manufacturing's low-carbon's levels vary from the highest to the 
lowest are: Jiangsu, Shanghai, Zhejiang, Guangdong and Shandong. It is noteworthy that although the 
growth rate of the low-carbon economy is rising which indicates the manufacturing has begun to attach 
Jiangsu Shanghai Zhejiang    Guangdong Shandong 
0.7583 0.6748 0.5607 0.4669 0.2953 
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importance to the low-carbon manufacturing under the double pressure of the energy shortage and the 
environmental protection, and take measures to save energy; there is still a lack of technologies of using 
clean energy. Therefore, we must appropriately develop some clean energy by considering our 
country's economic development in order to reduce our country's carbon emissions. By 
calculating, comparing different manufacturing's relevant index weight at the target layer, we can make 
clear the merits and weaknesses of the manufacturing's low-carbon development as well as the number 
and content of relevant indicators in order to make policies to improve the sustainable development of the 
low-carbon economy.  
5. Conclusion 
The evaluation of the low-carbon manufacturing as an effective way to urge enterprises to save energy 
and reduce pollution is not only a summary of  the former situation of the energy use and the pollution 
emissions, but also provides a scientific basis for  improving energy efficiency, reducing energy 
consumption and waste emissions and making relevant industrial policies. The evaluations of the 
manufacturing's low-carbon economy quantitatively evaluate the implementing situation of low-carbon 
production through calculating and scoring each indicator's actual completion, evaluating criteria values 
and weights. Whether the evaluation criteria and weight   are scientific or not can vitally determine the 
results of comprehensive evaluations and work assessments. The measuring standards are gradually 
improved with the development of economy, science and technology. This requires that the setting of the 
manufacturing's low-carbon economic evaluation index, the index weight and basic evaluation value is in 
line with the national or regional economic development policies at different stages and guide the 
manufacturing to move in the direction of the policy requirements; on the other hand, technological 
progress trends should also be adjusted from time to time in order to gradually optimize the 
manufacturing's low-carbon economic development strategy.  
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